It is difficult to predict those pregnancies that will experience fetal distress in labor. Those pregnancies that are labeled as high risk are only responsible for a small percentage of fetuses that exhibit fetal distress in labor; the largest percentage of cases of fetal distress occur in low-risk pregnancies. 1 Continuous electronic fetal heart rate monitoring has been widely used to monitor fetal well-being in labor. Only two thirds of labors will have unequivocally normal traces. 2 Electronic fetal monitoring has been associated with an increase in intervention because it reveals fetal heart rate abnormalities that were undetectable previously with intermittent auscultation. It is well accepted that a normal fetal heart rate trace assures fetal health and, according to International Federation of Gynecology and Obstetrics, includes the a baseline rate of 110 to 150 beats/min and baseline variability of 10 to 25 beats per min in the absence of decelerations. 3, 4 Fetal distress is an imprecise term, because one half of all babies who are delivered because of fetal distress are not hypoxic. The traditional diagnosis of fetal distress depended predominantly on the crude observation of heart rate changes. Changes in baseline heart rate and variability are key signs of a fetus under stress. Empirically associated with fetal distress are severe bradycardia (<100 beats/min) and tachycardia (>170 beats/min), the loss of variability (bandwidth <5 beats/min; 0 crossings of <2 per minute), the absence of accelerations, and the presence of late or unfavorable variable decelerations.
It is difficult to predict those pregnancies that will experience fetal distress in labor. Those pregnancies that are labeled as high risk are only responsible for a small percentage of fetuses that exhibit fetal distress in labor; the largest percentage of cases of fetal distress occur in low-risk pregnancies. 1 Continuous electronic fetal heart rate monitoring has been widely used to monitor fetal well-being in labor. Only two thirds of labors will have unequivocally normal traces. 2 Electronic fetal monitoring has been associated with an increase in intervention because it reveals fetal heart rate abnormalities that were undetectable previously with intermittent auscultation. It is well accepted that a normal fetal heart rate trace assures fetal health and, according to International Federation of Gynecology and Obstetrics, includes the a baseline rate of 110 to 150 beats/min and baseline variability of 10 to 25 beats per min in the absence of decelerations. 3, 4 Fetal distress is an imprecise term, because one half of all babies who are delivered because of fetal distress are not hypoxic. The traditional diagnosis of fetal distress depended predominantly on the crude observation of heart rate changes. Changes in baseline heart rate and variability are key signs of a fetus under stress. Empirically associated with fetal distress are severe bradycardia (<100 beats/min) and tachycardia (>170 beats/min), the loss of variability (bandwidth <5 beats/min; 0 crossings of <2 per minute), the absence of accelerations, and the presence of late or unfavorable variable decelerations.
Maternal exercise could be used theoretically as a possible stress test to identify those fetuses who are at risk of experiencing an abnormal trace during labor. The competing demands of exercise and pregnancy could result in impaired blood flow to the placenta and fetus because of a redistribution of blood from the pelvic organs to the exercising muscles. 5 This could manifest itself with a change in the fetal heart rate and its variability to compensate for these changes. The associated increase in maternal catecholamines could contribute also. This is the largest study to look at the effects of confirmed strenuous exercise on fetal heart rate changes in which the exercise intensity has been described relative to a number of physiologic parameters. The changes in the baseline heart rate and variability are correlated with the occurrence of fetal distress and labor outcome, and their prognostic value is predicted.
In this study, the objective quantification of the exercise stress in physiologic terms is expressed in terms of anaerobic threshold (AT). 6 The AT is the exercise intensity (expressed as external work load [watts or oxygen consumption]) above which progressive accumulation of blood lactate occurs. The relevance of the AT is that it defines the work intensity, which for any individual can be sustained for relatively long periods (30-40 minutes). 6 It is accepted as a better indicator of current endurance fitness status than maximal oxygen uptake (VO 2 max). 7, 8 It does not require exercise to complete exhaustion, and its detection is therefore less dependent on a subject's motivation during the exercise test than is the case when measuring VO 2 max. The AT can be determined by the detection of the inflection point in the carbon dioxide production (VCO 2 ) versus the oxygen uptake (VO 2 ) relationship with the method of Sue et al 9 (Fig) .
The objective of this study was to analyze the effects of maternal exercise on fetal heart rate changes to determine prognostic factors for those women who will have an abnormal trace in labor.
Methods
This study was carried out with 258 nonsmoking primiparous women from 33 to 38 weeks of gestation as confirmed by a first trimester dating scan with uneventful pregnancies. This group is a subgroup of a larger study, with which we are observing the effects of exercise in pregnancy. This low-risk group had varying levels of activity, from none to exercising 3 to 4 times a week. The intensity of exercise was categorized by the frequency and level of exertion by each mother, in keeping with those levels of exertion that were outlined by Artal and SubakSharpe. 10 All patients gave written informed consent, as approved by the Hospital Ethics Committee. The equipment used for this study included a metabolic cart 11 (Cosmed; Quark b 2 , Rome, Italy) that assessed cardiorespiratory parameters (such as ventilation, VO 2 , and VCO 2 ) on a breath-by-breath basis. It was also used to assess resting spirometry levels (such as forced vital capacity, peak expiratory flow and forced expiratory volume in 1 second). A cycle ergometer (Looe BV, Rehcor, version 2.01, Groningen, the Netherlands) was used for the exercise test. A cycle ergometer 12 was chosen to enable maximum performance despite restrictions such as weight and performance ability. A belt (Polar, Switzerland) was used to give continuous maternal heart rate monitoring. Maximum heart rate was calculated as 220 minus age, and the peak heart rate that was achieved during exercise was expressed as a percentage of this.
On arrival at the exercise laboratory, each patient was given a 10-minute resting period. Routine antenatal assessments of blood pressure and urinalysis were carried out. A scan was performed to assess biophysical profiles and growth. All fetuses demonstrated normal growth and biophysical profiles. Each patient then lay on a semirecumbent couch that was angled at 30 degrees, at which point a resting cardiotocograph was performed for 20 minutes. The patient was instructed to acknowledge fetal movement by pressing a button. After this, lung function was assessed with a basic spirometry test, which ruled out any lung disease. The cycling test involved resting, warmup, and incremental exercise phases. A 2-minute resting phase on the bicycle was followed by a 2-minute warm-up phase at 30 W and then an incremental exercise phase during which the work load increased by 10 W/min. A constant pedal speed of 50 to 60 rpm was maintained. Each patient was encouraged to cycle for as long as possible. To facilitate this, the actual pedaling rate was displayed continuously to the subject. Each subject was encouraged to cycle to maximal exertion and not to volitional exhaustion. The aim was for each individual to achieve an exercise intensity significantly above her AT. When the exercise was finished, the patient was positioned immediately (<30 seconds) back on the 30-degree semirecumbent couch for at least 30 minutes. During this time, a cardiotocograph was performed. The AT can be determined by the detection of the inflection point in the VCO 2 versus VO 2 relationship, with the method of Sue et al 9 (Fig) . The exercise test can be stopped when sufficient data have been collected to allow identification of the "break point" in the plots of VCO 2 versus VO 2 , as demonstrated in the Fig. This was achieved by aiming for a rating of perceived exertion on the Borg scale, 13 15 of which coincide with a subjective feeling of "hard." The AT is estimated from the raw breath-by-breath gas exchange data with the use of a plot of VCO 2 versus VO 2 on the same scale. A line of identity was inserted at a 45-degree angle with the x axis; this helped to detect the point, expressed as VO 2 (milliliters per minute), when VCO 2 began to rise disproportionately faster than VO 2 , with the V-slope method of Sue et al. 9 The maternal factors that were examined included maternal age, body mass index, gestation, and assessment of the mother's background fitness level. Exercise tests were analyzed by observing the AT, the peak maternal heart rate that was achieved, and the percentage of the maximum age predicted heart rate that could be achieved. The fetal factors that were analyzed included the resting heart rate and baseline variabililty with the presence or absence of accelerations or decelerations. The fetal trace after exercise was reviewed for changes in the same factors. A blinded observer calculated the variability of each trace.
Data were analyzed with JMP-IN, version 4 (SAS Institute, Cary, NC). Comparisons between proportions were made with Pearson's χ 2 test and Fisher's exact test using the outcome of no fetal distress or fetal distress at birth. Comparisons between means were made with analysis of variance. Where the data were highly skewed, medians were quoted, and nonparametric tests were used. Paired groups were analyzed with t-tests or Wilcoxon signed rank test, as appropriate. Analysis with the use of multiple regression was carried out to adjust for confounders.
Results
Two hundred seventy women with uncomplicated singleton pregnancies were recruited. Twelve of these women were unsuitable to participate for a number of reasons (diabetes mellitus, hypertension, intrauterine growth restriction). Of these mothers, 112 women (43%) took no exercise; 119 women (46%) took mild exercise, and the remaining 27 women (11%) took moderate exercise. The amount of exercise taken differed with age, with significantly smaller proportions of mothers aged ≤25 undertaking mild or moderate exercise compared with those mothers aged >25 years (χ 2 ,P = .0008). Those mothers who performed regular moderate exercise achieved higher ATs; 16 mothers (59%) obtained an AT of ≥12.0 mL/min per kilogram compared with 39 mothers (36%) of those mother who did not exercise (χ 2 , P = .005). A significantly higher proportion of those mothers who exercised regularly had a peak VO 2 of ≥18.9 (Χ 2 , P = .003). A strenuous level of exercise was achieved during the exercise test, as indicated by the achievement of a mean maximal heart rate of 82.8% of the predicted peak age-adjusted heart rate. There is a significant difference between the resting heart rate and peak heart rate (χ 2 , P < .0001) in all groups. In addition, 254 women achieved their individual ATs and achieved a peak VO 2 consumption that was 1.5 times their AT. There were significant differences in the mean peak VO 2 and AT of those mothers who took moderate exercise (P = .02) and those who did not. Other maternal characteristics are given in Table I.  Table II shows exercise-induced fetal heart rate changes. Before exercise, only 15 mothers (6%) had an abnormal rate, namely a tachycardia of over 150 beats/min, with no decelerations noted. After exercise, the proportion with an abnormal rate increased, 3 mothers (1%) had a bradycardia of <100 beats/min; 3 mothers (1%) recorded a deceleration, and 27 mothers (11%) recorded a tachycardia. After exercise, the percentage of fetuses with decreased variability rose from 32% (83 mothers) to 44% (114 mothers), although a Wilcoxon paired signed rank test found a significant difference in variability before and after exercise (P = .003). Although the mean fetal heart rate value was not significantly different before and after exercise, a greater range was seen after exercise.
All pregnancies resulted in live births, with most of the babies (98%) having normal Apgar scores and no admissions to the special care baby unit. The mean gestation at delivery was 281.8 days (range, 248-297 days), and the mean birth weight was 3503 g (range, 2100-4960 g; SD, 466). Forty-three percent (108 mothers) had a spontaneous vaginal delivery; 34% (87 mothers) had an instrumental delivery; the remainder of the mothers had caesarean deliveries: 5% (12 deliveries) were elective and 18% (46 deliveries) were emergencies. The overall incidence of fetal distress in this group of primiparous women was 32% (82/176 women).
The incidence of fetal distress did not vary according to the background level of fitness, maternal body mass index, fetal weight, or gestation at onset of labor. A larger proportion of distressed fetuses were male(61%); however, this was not statistically significant. The greatest proportion of the distressed babies (76%) were born to mothers aged between 21 and 35 years (P > .0002); 70% of infants born to mothers >35 years of age were distressed compared to 31% and 17%, respectively, in mothers in the other age groups (χ 2 <0.0001).
There was no significant difference in the incidence of fetal distress in those women who obtained a high or low percentage of maximum age-predicted heart rate. There was no significant difference in abnormal traces in those women who delivered vaginally and those women who delivered by cesarean delivery, with 12% (13 deliveries) of the spontaneous vaginal deliveries and 11% (5 deliveries) of emergency caesarean deliveries having a nonreassuring trace. Table III gives the characteristics of distressed infants.
Multiple logistic regression was carried out to further explore the data and adjust for confounders. All significant variables, including exercise level, were added to the model; but the only variable to remain significant was maternal age. Women >30 years old were 4 times (odds ratio, 3.6; 95% CI, 2.1-6.4) more likely to have a distressed infant than women ≤30 years old.
Comment
This study addresses fetal cardiovascular hemodynamics in response to moderate exercise. Originally, Hon and Wohlgemuth 14 hypothesized that fetal heart rate response to maternal exercise could be used as a test for uteroplacental insufficiency. They suggested that exercise could reduce uterine blood flow and expose a compromised placental reserve. Previous studies have not analyzed factors in this population size to assess those mother who are at risk of the development of an abnormal trace in labor. 15 This noninvasive assessment of fetal heart rate patterns also gives an indication of fetal heart rate response to moderate exercise. Previous investigators have looked at the effect of moderate exercise on the resistance to blood flow (systolic/diastolic) in the umbilical and uterine artery. Morrow and Knox Ritchie 16 showed an increase in uterine systolic/diastolic, but no change in umbilical systolic/diastolic. A larger study by Rafla and Cook 17 shows a fall in umbilical artery pulsatility index at 2 to 4 minutes after exercise. These changes should be complimented by changes in the fetal heart rate. The results of this study show that an exercise challenge to a mean of 82.8% of peak age-adjusted heart rate shows no change in the mean fetal heart rate. A number of other studies have mainly shown an increase in baseline by 10 to 15 beats/min [17] [18] [19] ; a smaller number of studies show no change. 20 However, the methods of these studies vary greatly, with different techniques for monitoring fetal heart rate. One possible explanation for our result is the 30-to 60-second delay in the placement of the subject on the couch and the commencement of the cardiotocography.
In this study, the most common abnormal response to an acute bout of strenuous exercise is an increase in fetal heart rate, with 11% (27 mothers) experiencing a tachycardia. This could be a direct response to increased circulating catecholamines or represent a compensatory response to transiently impaired blood flow. Maternal exercise is associated with a significant increase in circulating catecholamines that cross the placenta to the fetus in small amounts, which theoretically may cause vasoconstriction of the uteroplacental vasculature and an increase of the fetal heart rate. This appears to be a protective mechanism to facilitate circulation of blood and hence fetal oxygen delivery. After exercise, a bradycardia was reported in 3 subjects (1%), and the percentage of subjects with reduced variability was higher (44% vs 32%). Previous studies have reported the occurrence of a bradycardia, 21, 22 which could occur because of a redistributed blood flow that could expose a compromised placental blood supply. Other causes could be cord compression or a vagal reflex. Animal studies have shown that uterine blood flow could be reduced by 50% without affecting fetal oxygen uptake. 23 Therefore, the occurrence of an isolated bradycardia in association with healthy pregnancies is unlikely to cause hypoxia. In this study, there were 3 cases of bradycardia after exercise, which recovered within 2 minutes to a higher baseline with reduced variability. In 1 case the maternal blood pressure was noted to be reduced once the mother lay on the couch, which would correlate with the occurrence of a fetal bradycardia. There are some possible reasons that this did not occur more frequently with this subgroup of women. A number of these subjects were conditioned and may be able to perform at a greater workload before inducing fetal hypoxic stress, because the blood is redistributed away from the uterus to the exercising muscles. The exercise test performed was submaximal in which a maximal effort was made rather than to volitional exhaustion. Also, because a cycle ergometer was used instead of a treadmill, a smaller muscle mass is required. Both a shorter duration and a smaller muscle mass contribute to smaller reductions in uterine blood flow.
Reduced variability was noted in previous studies with or without the occurrence of a bradycardia. 24, 25 A Wilcoxon paired signed rank test found a significant difference in variability in the fetal heart rate before and after exercise (P = .003), which was not found in studies by others. After exercise, the proportion of women with normal variability was reduced (67.8% vs 55.8%). Variability is thought to indicate adequate oxygenation and fetal well-being. However, a reduction in variability in the absence of other ominous findings (such as decelerations) may not indicate a hypoxic episode.
This study looks at the immediate fetal heart rate pattern after exercise; it is not possible presently to look at these effects during exercise or within the first 30 to 60 seconds after exercise, because it takes time to position the woman for her cardiotocograph. The exercise intensity that was achieved in this group was the maximum achievable intensity without reaching volitional exhaustion. The results of this study are reassuring both to the unconditioned and to the fit mother because they show that an acute bout of exercise does not pose an immediate fetal risk in normal pregnancies. The safe limit to be recommended by physicians is demonstrated by the use of the rating of perceived exertion (Borg scale). We did not find evidence that fetal heart rate responses to exercise could be used to detect impaired placental function or to predict fetuses who were at high risk during delivery.
